ABSTRACT Pheromone gland extracts of grape berry moth females, Endopiza viteana Clemens, contain the main pheromone component, Z9 Ð12Ac, at Ϸ1.2 ng per female, together with both geometric isomers of 11Ð14Ac, and a number of saturated acetates and alcohols of the chain length 12Ð16. The analogous alcohol, Z9 Ð12OH, was found in some gland extracts. Trap capture of males was signiÞcantly increased by adding 0.5 or 2 g of Z11Ð14Ac to 10 g of the main compound, Z9 Ð12Ac; whereas, adding 0.5 or 2 g of E11Ð14Ac had no signiÞcant effect. In contrast, the addition of 5% Z9 Ð12OH to the main compound resulted in a strong reduction in trap capture. Traps baited with a blend of Z9 Ð12Ac and its geomeric isomer, E9 Ð12Ac, which was not detected in gland extracts, were signiÞcantly less attractive than traps baited with blends of Z9 Ð12Ac and Z11Ð14Ac. Knowledge of pheromone components and antagonists is essential for development of the mating disruption technique. The compounds identiÞed in E. viteana are behaviorally active in the three most important tortricid pests of grape, Vitis vinifera (L.), in Europe. It may thus be possible to use a single blend of synthetic pheromone for control of several species.
THE GRAPE BERRY moth, Endopiza viteana Clemens, is widely distributed east of the Rocky Mountains in North America and is an important pest of grapes, Vitis vinifera (L.), east of the Mississippi and north of the Ohio river. Moths eclose from overwintering pupae when grape foliage starts to develop, and the larvae feed on blossom clusters and berries (Davidson and Lyon 1979) . There are normally two generations per year (Roehrich and Boller 1991) ; however, the pest has three generations in the Niagara peninsula of Ontario (Roberts and Simpson 1982a) and up to four generations per year in Missouri (Biever and Hostetter 1989) .
The presence of a sex pheromone in E. viteana was Þrst reported by Roelofs and Feng (1968) and its chemical structure was identiÞed as (Z)-9-dodecenyl acetate (Z9 Ð12Ac) (Roelofs et al. 1971) . Traps baited with this compound are currently used by growers to monitor the ßight period of the grape berry moth (Roberts and Simpson 1982b , Biever and Hostetter 1989 , Hoffman and Dennehy 1989 . Taschenberg et al. (1974) determined that natural rubber sleeve stoppers containing 10 Ð30 g of Z9 Ð12Ac were more attractive than stoppers containing 100 g of this compound. They also found that the presence of (E)-9-dodecenyl acetate (E9 Ð12Ac), as an impurity in amounts exceeding 7.6% of Z9 Ð12Ac, signiÞcantly reduced the number of males trapped.
A blend of Z9 Ð12Ac and (Z)-11-tetradecenyl acetate (Z11Ð14Ac) is used in mating disruption formulations for control of grape berry moth (Dennehy et al. 1990; Trimble et al. 1991; Trimble 1993 Trimble , 1997 and in monitoring traps (Hoffman and Dennehy 1989) . The lack of published information on the production of Z11Ð14Ac by female grape berry moths, and on its effect on male attraction provided the impetus for this study. We report the results of a chemical analysis of grape berry moth pheromone gland extracts and the attractiveness of various combinations of the identiÞed compounds in Þeld trapping tests. The results are discussed with respect to the ongoing development of mating disruption for environmentally safe control of North American and European grape moths.
Materials and Methods
Insects. Female moths were obtained from a laboratory colony that was established in August 1994 using larvae collected from an abandoned vineyard located in the Niagara peninsula of Ontario. Fieldcollected grape berry moths were added to the colony each summer. The colony was reared on table grapes at 25 Ϯ 5ЊC and a photoperiod of 18:6 (L:D) h, using techniques similar to those described by Taschenberg (1951 Taschenberg ( , 1969 . Female pupae were placed in a 10 by 10 by 10-cm cage for emergence.
Pheromone Gland Extraction and Analysis. Pheromone glands were excised from the extruded ovipositors of 2-to 3-d-old calling virgin females during the Þrst 3 h of the scotophase and were extracted in batches of 19 Ð 63 (n ϭ 8) during 1 min in 5Ð7 l of redistilled heptane. Extracted compounds were identiÞed using a HewlettÐPackard 5970B (HewlettÐPack-ard, Palo Alto, CA) mass spectrometer with electron impact ionization, which was interfaced with a HewlettÐPackard 5890 gas chromatograph (GC), with a polar DB-Wax column (30 m by 0.25 mm; J & W ScientiÞc, Folsom, CA). In addition, retention times of the identiÞed gland compounds were compared with synthetic compounds on a HewlettÐPackard 5890 GC, with ßame ionization detection, on a DB-Wax column and on a nonpolar SE-54 column (25 m by 0.32 mm; Kupper, Bonaduz, Switzerland).
Field Trapping Experiments. The biological activity of potential minor components of grape berry moth pheromone was evaluated during the third ßight period in three commercial vineyards near Virgil, Ontario, from 31 July to 31 August 1998. Pherocon II traps (Tré cé , Salinas, CA) were baited with natural rubber sleeve stoppers (Chromatographic Specialties, Brockville, Ontario). Synthetic test compounds were applied to the large "well" of the stoppers (19 by 11 mm) in 100 l of analytical grade hexane (Fisher, Ottawa, Ontario) and the solvent was allowed to evaporate in a fume hood. The stoppers were stored until use at Ϫ20ЊC in sealed glass jars. The chemical and isomeric purity of the compounds was Ͼ99.5% (Bedoukian, Danbury, CT).
At each of the three vineyards, 10 "trap lines" (n ϭ 30) were established at 30-m intervals and 12 "trap stations" were established at 5-m intervals within each trap line. A "buffer" trap baited with 10 g of the main component, Z9 Ð12Ac, was placed at the Þrst and last trap station in each trap line. Two traps baited with 10 g of the main component, six traps baited with 10 g of the main component and either 0.5 or 2.0 g of the potential minor components, Z9 Ð12OH, Z11Ð14Ac, or E11Ð14Ac, and two traps baited with 10 g of the main component and either 0.5 or 2.0 g of its geometric isomer, E9 Ð12Ac, were randomly assigned to the remaining eight trap stations. The traps were placed in grape foliage, 150 Ð170 cm from the ground. They were inspected at 3-to 4-d intervals and all trapped moths were counted and removed.
An earlier test (n ϭ 10) was carried out in a commercial vineyard at Niagara-on-the-Lake, Ontario, from 15 July to 5 August 1997. It included two buffer traps, control traps baited with 10 g of the main component Z9 Ð12Ac, traps with binary blends of 10 g Z9 Ð12Ac and either 0.5 or 2.0 g of Z11Ð14Ac or E11Ð14Ac, as well as a 5-component-blend of 10 g Z9 Ð12Ac, 2 g Z11Ð14Ac, 0.5 g E11Ð14Ac, 1 g 12Ac and 1 g 14Ac.
Statistical Analysis. The variance of mean captures obtained with different treatments was stabilized using the ͌(x ϩ 1) transformation and the signiÞcance of treatment effect was tested using analysis of variance. The 1998 trap test was treated as a split-plot experiment with vineyards as main plots and trap lines as subplots. The Fisher protected least signiÞcant difference test was used to identify signiÞcantly different treatment means.
Results and Discussion
Nine structurally related compounds were identiÞed in extracts of grape berry moth pheromone glands ( Table 1 ). The retention times on a polar and a nonpolar GC column, and the mass spectra of the identiÞed compounds matched those of synthetic compounds. The main compound, Z9 Ð12Ac, has previously been identiÞed by Roelofs et al. (1971) .
Both isomers of 11Ð14Ac were found in all eight gland extracts (Table 1) , and the Þeld trapping test showed a synergistic effect of Z11Ð14Ac (Table 2) . There was a signiÞcant increase in the number of moths trapped when either 0.5 or 2 g of Z11Ð14Ac was added to stoppers impregnated with 10 g of Z9 Ð12Ac. The addition of E11Ð14Ac at 5 and 20% of the amount of the main compound, Z9 Ð12Ac, did not signiÞcantly increase trap catch (Table 2) .
In another test during the second ßight period of E. viteana, a Þve-component blend of 10 g Z9 Ð12Ac, 2 g Z11Ð14Ac, 0.5 g E11Ð14Ac, 1 g 12Ac, and 1 g 14Ac did not capture signiÞcantly more males (8.2 Ϯ 5.9; mean Ϯ SD) than the binary blend of 10 g Z9 Ð12Ac and 2 g Z11Ð14Ac (8.6 Ϯ 4.0) (F ϭ 5.04; df ϭ 7, 72; P Ͻ 0.001).
The analogous alcohol of the main compound, Z9 Ð 12OH, was detected in two gland extracts of Ͼ50 females (Table 1) . Addition of 0.5 or 2 g of this compound to stoppers impregnated with 10 g of the main component signiÞcantly reduced the average number of moths captured by Ͼ90% (Table 2 ). This suggests that the alcohol is not emitted by the calling 
Trap lure
Male moths captured a 10 g Z9-12Ac, 0.5 g Z11-14Ac 22.4 Ϯ 15.0a 10 g Z9-12Ac, 2 g Z11-14Ac
21.2 Ϯ 20.5a 10 g Z9-12Ac, 2 g E11-14Ac
11.6 Ϯ 7.7b 10 g Z9-12Ac, 0.5 g E11-14Ac
10.1 Ϯ 6.7b 10 g Z9-12Ac
9.4 Ϯ 7.9bc 10 g Z9-12Ac
8.8 Ϯ 6.1bc 10 g Z9-12Ac, 0.5 g E9-12Ac
5.8 Ϯ 4.9c 10 g Z9-12Ac, 2 g E9-12Ac
5.1 Ϯ 5.5c 10 g Z9-12Ac, 2 g Z9-12OH
0.8 Ϯ 1.7d 10 g Z9-12Ac, 0.5 g Z9-12OH
0.6 Ϯ 1.2d
a Mean Ϯ SD, means with different letter are signiÞcantly different at P Ͻ 0.05 (F ϭ 32.20, df ϭ 9, 270; P ϭ 0.004). A total of 2,872 males were captured (n ϭ 30 traps).
female, but probably is present in the pheromone gland as a biosynthetic precursor of the main compound (Teal and Tumlinson 1987, Roelofs and Wolf 1988) . The main pheromone compound of a European tortricid feeding on grapes, Eupoecilia ambiguella (Hü bner), is Z9 Ð12Ac, and Z9 Ð12OH occurs in the pheromone gland, but is not released by the calling female ). This alcohol has been identiÞed in related tortricid species ) and may thus play a role in reproductive isolation (Phelan 1992, Linn and Roelofs 1995) .
We did not detect E9 Ð12Ac in amounts Ͼ0.03% of the main pheromone compound, Z9 Ð12Ac, in the gland extracts. However, the E-isomer is a potential contaminant of technical Z9 Ð12Ac. In the Þeld trapping experiment, addition of E9 Ð12Ac at 5 and 20% to the main compound did not signiÞcantly diminish the number of moths trapped (Table 2) . By comparison, Taschenberg et al. (1974) observed a signiÞcant reduction in trap captures if the amount of E9 Ð12Ac exceeded 7.6% of the amount of Z9 Ð12Ac on a stopper. These results suggest that additional studies should be undertaken to deÞne the effect of E9 Ð12Ac on the behavior of E. viteana males.
There are similarities in the composition of the sex pheromones of E. viteana and the most important tortricid pests of grape in Europe (Table 3) , despite the fact that these species all belong to different subfamilies and tribes (Bradley et al. 1973 (Bradley et al. , 1979 . The main component of the pheromones of both E. viteana and E. ambiguella is Z9 Ð12Ac (Roelofs et al. 1971 , and this compound is an attraction synergist for Lobesia botrana (Denis & Schiffermü ller) (Arn et al. 1988 , El-Sayed et al. 1999 . The main component of the pheromone of Sparganothis pilleriana (Denis & Schiffermü ller) is E9 Ð12Ac (Saglio et al. 1977 ) and this compound is a strong attraction antagonist for E. ambiguella ). Z11Ð14Ac is a pheromone synergist for both E. viteana (Table 2) and S. pilleriana ).
The presence of E9 Ð12Ac as an impurity in technical Z9 Ð12Ac has an important implication for the interpretation of the effect of sex pheromone-mediated mating disruption in E. ambiguella. Contamination of the main pheromone component, Z9 Ð12Ac, with as little as 0.2% E9 Ð12Ac strongly reduces male attraction ). Mating disruption formulations containing several percent of the E-isomer give reliable population control (Vogt et al. 1993) , despite the fact that these dispensers are not attractive to males (Arn and Louis 1996) . In the pea moth, Cydia nigricana (F.), a repellent blend of pheromone and attraction antagonists has been shown to be an efÞ-cient mating disruptant (Bengtsson et al. 1994 , Witzgall et al. 1996 .
The composition of the pheromones of the North American and European grape tortricids may allow the development of mating disruption products that can be used to control several species. For example, the North American grape berry moth was successfully controlled by a dispenser formulation containing the main component of its pheromone, Z9 Ð12Ac (Trimble 1997) , and such dispensers can be used for E. ambiguella. The North American grape berry moth has also been successfully managed using a dispenser that contains a 9:1 blend of Z9 Ð12Ac and Z11Ð14Ac (Dennehy et al. 1990; Trimble et al. 1991; Trimble 1993 Trimble , 1997 ) and it might therefore be possible to develop a single dispenser that could be used to control E. viteana, E. ambiguella, and S. pilleriana (Table 3) . In regions where L. botrana occurs, the dienic (E,Z)-7,9-dodecenyl acetate (E7,Z9 Ð12Ac), possibly together with its analogous alcohol, would have to be included. Control of L. botrana by mating disruption is still not reliable (Arn and Louis 1996) ; however, the synergistic Z9 Ð12Ac (Arn et al. 1988 , El-Sayed et al. 1999 ) may improve the activity of the main compound E7,Z9 Ð 12Ac.
The same set of compounds can be tested with different grape berry moth species in North American and European vineyard environments. A comparison of behaviors induced by air permeation with attractant versus antagonist blends, and incomplete versus more complete blends, will contribute to our understanding of the behavioral mechanisms underlying the mating disruption technique. Table 2 , Taschenberg et al. 1974 , Trimble 1997 . b Arn et al. 1986 , Arn and Louis 1996 . c Saglio et al. 1977 . d Arn et al. 1988 , Arn and Louis 1996 , El-Sayed et al. 1999 . e Compounds formulated in commercial mating disruption dispensers.
